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CONNECTOR UNIT 

5 CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the benefit 
of priority from the prior Japanese Patent Application No. 
2003-092360 filed on March 28th in 2003, the entire contents 
of which is incorporated herein by reference. 
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FIELD OF THE INVENTION 

The present invention relates to a connector unit. More 
specifically, it relates to a connector unit for wireless LANs 
(Local Area Network), which are provided in, for example, 
15 notebook-sized personal computers and desktop personal 
computers . 

BACKGROUND OF THE INVENTION 

There have been conventionally known wired LANs as a form 
20 of networks, whereas in recent years wireless LANs have been 

in common use instead of wired LANs. The wireless LANs are 

used, for example , at Hotspots on streets ,. at offices , and homes . 

At a Hotspot, users can access the Internet freely just 

by connecting a wireless LAN adapter to a notebook-si zed personal 
25 computer or using PDA (Personal Digital Asistant) without 

becoming a member of a certain service or installing a dedicated 

software. 
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Also, at offices and homes, users can connect 
notebook-sized personal, computers , hereinafter referred to as 
PCs, to broadband routers by wireless everywhere to access the 
Internet freely just by connecting wireless LAN adapters to 
5 their PCs. 

The* notebook-sized PCs and PDAs each incorporate an 
antenna for sending and receiving radio waves. Further, as 
wireless LAN standards, there are IEEE 802.11b according to 
IEEE ( Institute of Electrical and Electronic Engineers ) as well 

10 as Bluetooth for short-range radio communication, for example. 

A notebook-sized PC may include a plurality of antennas 
in which a diversity system is adopted for the purpose of 
increasing a receiving efficiency (see JP-A-2003-37538 , for 
example) . The notebook-sized PC has two antennas for receiving 

15 through the diversity system andan antenna for receiving through 
a radio communication system different from the former antennas , 
which are effectively disposed in a limited space inside the 
case. Moreover, these internal antennas are provided at as 
high positions as possible inside a device case , i.e., at upper 

20 portions of the device case in order to improve receiving 
sensitivities of the antennas. 

However, because the notebook-sized PC disclosed by 
JP-A-2003-37538 has an antenna provided within a device case, 
the case may block radio waves electromagnetically . In this 

25 case, it is necessary to shift the location of the device in 
order to increase the sensitivities to radio waves. 

To solve the problem, there has been proposed a structure 
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such that a coaxial connector with a switching function is 
provided on the device case to connect an external antenna to 
the coaxial connector . According to this proposal , connecting 
the internal and external antennas selectively to a radio unit 
5 enables the sending and receiving of radio waves through the 
antenna with a better sensitivity. 

Here, it is common that the external antenna and the 
coaxial connector, to which the external antenna is connected, 
are designed so as to have an impedance of 50 ohms for the purpose 

10 of the impedance matching between them. 

However, their impedances cannot be always set to 50 ohms 
easily because the coaxial connector is restricted in shape. 
Further, setting the impedances to 50 ohms cannot necessarily 
reduce the transmission loss according to the frequency 

15 characteristics, which can make it difficult to pick out a 
required frequency effectively. 

In the meanwhile, the radio communication system which 
is applied to wireless LANs, etc.. is changing rapidly. For 
example, a 2 . 4GHz frequency band is standardized under IEEE 

20 802.11; a frequency band around 5.2GHz is standardized under 
IEEE 802.11a. In addition, a 2 . 4GHz frequency band is 
standardized under IEEE 802.11b; and a 2 . 4GHz frequency band 
is standardized under IEEE 802. llg. Also, it is desired to 
standardize a frequency band around 5 . 8GHz in the future. 

25 Of these frequency bands, in case of a high frequency 

band of the order of 5GHz , the internal antenna and radio unit 
may not be matched in impedance even when the external antenna 
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and radio unit can be matched in impedance. Therefore, there 
is needed an impedance matching circuit for making the internal 
antenna and radio unit match in impedance. 

However, the impedance matching circuit is a high 
5 frequency circuit, Which is provided separately from a radio 
unit to be mounted inside the device case and a control unit 
for processing data. On this account, wireless communication 
device manufacturers have to design the impedance matching 
circuit whenever the applied frequency band is changed, which 
10 is inconvenient . 

In order to solve the problems, it is an object of the 
present invention to provide a connector unit, which is used 
for an apparatus for switching internal and external antennas 
and is capable of matching the external and internal antennas 
15 in impedance. 

To achieve the object, a novel connector unit as below 
is invented . 

SUMMARY OF THE INVENTION 

20 (1) A connector unit for a high frequency radio apparatus 

having a housing, a first internal antenna provided inside the 
housing, a radio unit provided inside the housing for processing 
a radio signal , and an external antenna capable of being inserted 
and drawn from outside the housing, comprising: a printed board 

25 including a first microstrip line connected to said radio unit 
and a second microstrip line connected to said first internal 
antenna; a fixed contact provided on said printed board and 
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connected to said second microstrip line; an 
elastically-def ormable , movable contact provided on said 
printed board and connected to said first microstrip line, and 
urged toward said fixed contact; and a socket for covering said 
5 movable contact and said fixed contact, wherein a distal end 
of said external antenna enters between said movable contact 
and fixed contact when said external antenna is inserted into 
said socket, the distal end of said external antenna abuts on 
saidmovable contact andpresses saidmovable contact to separate 

10 the movable contact from said fixed contact, and said external 
antenna is matched in impedance and connected to said radio 
unit, and wherein said movable contact abuts on said fixed 
contact when said external antenna is drawn from said socket, 
and said first internal antenna is matched in impedance and 

15 connected to said radio unit. 

The first internal antenna may be one antenna, or one 
of two antennas in which the diversity system is adopted. It 
is preferable that the first internal antenna is compact when 
it is mounted in a portable electronic device. Therefore, the 

20 first internal antenna may be an inverted F antenna which 
utilizes the resonance of a metal plate constituting a top board 
of the device. The radio wave may have a frequency at or over 
300MHz, in UHF band or a higher band. 

The housingmeans a case for a portable electronic device , 

25 e.g. , a notebook-sized PC or PDA, and it may include a display 
portion . 

The external antenna may be a wire antenna or a whip antenna . 
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A coaxial cable may be connected to the external antenna and 
have a plug at a distal end of the coaxial cable. 

The movable contact may be a leaf spring. The movable 
contact may be electrically connected to the fixed contact with 
5 a certain contact pressure. 

The movable contact may be fixed to the microstrip line 
on the printed board by solder. Likewise, the fixed contact 
may be fixed to the microstrip line on the printed board by 
solder . 

10 The printed board has a substrate of a dielectric and 

microstrip lines and ground pattern formed on the substrate, 
i.e., signal transmission lines . The characteristic impedance 
of the transmission lines may be determined by the relative 
permittivity and thickness of the printed board substrate, and 

15 the thickness, width, etc. of the microstrip line. In regard 
to the printed board, a glass-epoxy substrate having a relative 
permittivity of about 4 . 8 may be used for a high frequency circuit 
intended for UHF band to SHF band. 

The socket may be fixed on the printed board by fastening 

20 means, such as screws. Also, the socket may be fixed on the 
printed board by attaching a fixed contact and movable contact 
to the socket and fixing the fixed and movable contacts on the 
printed board by solder, etc. 

The first microstrip line and the radio unitmay be coupled 

25 through a coaxial cable-. Also, the second microstrip line and 
the first internal antenna may be coupled through a coaxial 
cable. 
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According to the present invention of (1) , the external 
antenna and the first internal antenna can be switched only 
by inserting or drawing the plug with respect to the connector 
unit and as such, an antenna switching mechanism can be realized 
5 with a simple configuration. 

Further, since the impedance matching circuit with the 
microstrip line is interposed between the first internal antenna , 
external antenna and the radio unit, the impedance matching 
can be performed even when the first internal antenna and the 

10 external antenna are not necessarily SOohms. Thus, the first 
internal antenna and the external antenna can be used in an 
optimum condition. Accordingly, the structural designing 
flexibility of the connector unit can be expanded, and thus 
it becomes possible to handle, for example, a 5GHz frequency 

15 band. 

(2) The connector unit according to (1) , wherein said 
external antenna has a plug provided at the distal end thereof, 
said plug including a pin-shaped signal contact and a cylindrical 
ground contact surrounding the signal contact, said socket has 

20 a grounded cylindrical first shell for covering said movable 
contact and fixed contact and a grounded cylindrical second 
shell for covering the first shell, and wherein said signal 
contact enters inside said first shell and separates saidmovable 
contact from said fixed contact when said plug is inserted into 

25 said socket, and said ground contact enters between said first 
shell and second shell and abuts on both of said first shell 
and second shell. 
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According to the present invention of (2), the ground 
line can be grounded reliably, because the plug is inserted 
into the connector unit thereby to cause the outer and inner 
surfaces of the ground contact to abut on both the first shell 
5 and second shell. 

(3) The connector unit according to (1) or (2) , wherein 
said printed board has a ground pattern, and a circuit element 
mounting area formed between the ground pattern and said second 
microstrip line and having a circuit element mounted thereon. 

10 The microstrip lines may be formed on one surface of the 

printed board and covered with the socket , and the ground pattern 
may be formed on the other surface of the printed board. 
Otherwise, the microstrip lines and the ground pattern may be 
formed on one surface of the printed board. In this case, a 

15 certain distance may be provided between the microstrip lines 
and the ground pattern so as to avoid the influence on- the 
characteristic impedance . 

The circuit element is preferably a leadless chip 
component, such as a chip capacitor and a chip inductor, 

20 according to the high frequency circuit. 

The forms of themicrostrip lines and ground pattern depend 
on the frequency band of the associated radio waves. On this 
account, the form of the circuit element mounting area also 
depends on the frequency band of the associated radio waves. 

25 Therefore, according to the present invention of (3) , 

the mounting area for circuit elements is secured when a pattern 
is designed. Thus, the circuit element mounting area will be 
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previously provided and as such, the number of steps for the 
designing is not needed so much and manufacturing costs of 
connector units can be reduced. In addition, the formation 
of an open stub and a short stub on the microstrip line can 
5 further- reduce manufacturing costs of connector units . 

Moreover, no circuit element may be actually mounted in 
the mounting area of the circuit element. 

(4) The connector unit according to (3), wherein said 
circuit element is a chip capacitor whichallows a signal under 

10 a cutoff frequency of said first internal antenna to pass 
therethrough directly and attenuates a signal at or over the 
cutoff frequency of said first internal antenna. 

(5) The connector unit according to (3) , wherein said 
circuit element is a chip inductor which allows a signal over 

15 a cutoff frequency of said first internal antenna to pass 
therethrough directly, and attenuates a signal at or under the 
cutoff frequency of said first internal antenna. 

(6) The connector unit according to (1) or (2) , wherein 
said printed board includes a chip capacitor connected in series 

20 to said second microstrip line, and the chip capacitor allows 
a signal under a cutoff frequency of said first internal antenna 
to pass therethrough directly, and attenuates a signal at or 
over the cutoff frequency of said first internal antenna. 

(7) The connector unit according to (1) or (2) , wherein 
25 said printed board includes a chip inductor connected in series 

to second microstrip line , and the chip inductor allows a signal 
over a cutoff frequency of said first internal antenna to pass 
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therethrough directly, and attenuates a signal at or under the 
cutoff frequency of said first internal antenna. 

According to the present inventions of (4) and (6) , for 
example, a lowpass filter is added to the impedance matching 
5 circuit, thereby allowing only a signal (radio wave) having 
a frequency under a cutoff frequency required for the first 
internal antenna to pass through the filter and attenuating 
an unwanted signal (radio wave) at or over the cutoff frequency. 

Thus, the gain of a signal (radio wave) at or over the 
10 cutoff frequency is reduced into no response. Therefore, a 
definite multiple frequency wave having an unwanted high 
frequency component can be easily removed. 

According to the present inventions of (5) and (7) , for 
example, a highpass filter is only added to the impedance 
15 matching circuit, thereby allowing only a signal (radio wave) 
having a frequency over a cutoff frequency required for the 
first internal antenna to pass through the filter and attenuating 
an unwanted signal (radio wave) at or under the cutoff frequency . 

Thus, the gain of a signal (radio wave) at or under the 
20 cutoff frequency is decreased into no response. Therefore, a 
definite multiple frequency wave having an unwanted low 
frequency component can be easily removed. 

(8) The connector unit according to any one of (1) to 
(7) , wherein said first internal antenna and said external 
25 antenna send and receive any one of a radio wave of a 2 . 4GHz 
frequency band standardized under IEEE 802.11, a radio wave 
of a frequency band around 5 . 2 GHz standardized under IEEE 802.11a, 

10 

JSTF-021 



a radio wave of a 2 . 4GHz frequency band standardized under IEEE 
802 . lib , and a radio wave of a 2 . 4GHz frequency band standardized 
under IEEE 802. llg. 

According to the present invention of (8) , it becomes 
5 possible to conform to Bluetooth as well as a standard for a 
frequency band about 5 . 8GHz in the wireless LAN. 

(9) The connector unit according to (8) , further having 
a second internal antenna provided inside said housing and 
connected to said radio unit, wherein a diversity system is 
10 adopted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view showing a schematic configuration 
of a notebook-sized PC as a high frequency radio apparatus to 
15 which a connector unit according to an embodiment of the present 
invention is applied; 

Fig. 2 is a diagrammatic view showing a schematic 
configuration of a radio unit according to the embodiment; 

Fig. 3A is a perspective view of the connector unit 
2 0 according to the embodiment; 

Fig. 3B is a perspective view showing, the inverted 
connector unit according to the embodiment; 

Fig. 4A is a plan view of the connector unit according 
to the embodiment ; 
25 Fig. 4B is a front view of the connector unit according 

to the embodiment ; 

Fig. 4C is a rear view of the connector unit according 
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to the embodiment; 

Fig. 4D is a cross-sectional view along the line X-X in 
Fig. 4C; 

Fig. 5 is an exploded perspective view of a part of the 
5 connector unit according to the embodiment; 

Fig. 6 is an enlarged cross-sectional view of the connector 
unit according to the embodiment; 

Fig 7A is a circuit diagram of the impedance matching 
circuit according to the first example; 
10 Fig. 7B is a circuit diagram of an impedance matching 

circuit according to the second example; 

Fig. 7C is a circuit diagram of an impedance matching 
circuit according to the third example; 

Fig. 7D is a circuit diagram of an impedance matching 
15 circuit according to the fourth example; 

Fig. 7E is a circuit diagram of an impedance matching 
circuit according to the fifth example; 

Fig. 8 is a perspective view of a connector unit to which 
the impedance matching circuit according to the second example 
20 is applied; and 

Fig. 9 is a perspective view of a connector unit to which 
the impedance matching circuit according to the fourth example 
is applied. 

2 5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

An embodiment of the present invention will be described 
below in reference to the drawings. 
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Fig. 1 is a plan view showing a schematic configuration 
of a notebook-sized PC as a high frequency radio apparatus, 
to which a connector, as a connector unit according to an 
embodiment of the present invention, is applied. 
5 The notebook-sized PC includes a main body 60, an input 

unit 61 and display unit 62, both provided on the main body 
60, and an external antenna ANT 3 capable of being connected 
and disconnected to the main body 60. 

For example, the input unit 61 has a keyboard or a mouse, 
10 and outputs an operation signal to the control unit 50 of the 
main body 60, which is to be described later. 

The display unit 62 is, for example, a display, and 
displays the image information output from the later-described 
control unit 50 of the main body 60. 
15 The main body 60 has a housing 1A, internal antennas ANT1 , 

ANT 2 provided inside the housing 1A, a connector 1, a radio 
unit 40, and a control unit 50. 

The control unit 50 has a main board, for example, 
including a CPU, and a memory, and it controls the radio unit 
20 40, input unit 61, and display unit 62 thereby to process data, 
moreover, the radio unit 40 may be provided integrally on the 
main board of the control unit 50. 

The connector 1 serves to selectively connect the first 
internal antenna ANT1 or external antenna ANT 3 to the radio 
25 unit 40 and it has a first port PI and a second port P2 as connection 
terminals. The first port PI is connected through a coaxial 
cable CB1 to a third port P3 of the radio unit 40. The second 
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port P2 is connected through a coaxial cable CB2 to the first 
internal antenna ANT1 . 

In regard to the connector 1, when the external antenna 
ANT 3 is connected to the connector 1 of the main body 60, the 
5 external antenna ANT 3 is connected to the first port PI. In 
contrast, when the external antenna ANT 3 is not connected to 
the connector 1 of themainbody 60 , the secondport P2 is connected 
to the first port PI and thus the first internal antenna ANT1 
is connected to the first port . 
10 The diversity system is adopted for the antennas ANT1-3; 

the first internal antenna ANT1 and external antenna ANT 3 are 
antennas for sending and receiving (main antennas), and the 
second internal antenna ANT2 is an antenna only for receiving 
(sub-antenna) . 

15 The diversity system uses the main antenna in sending 

data, whereas in receiving data it selectively uses one of main 
antenna and sub-antenna, which has a higher receiving level. 
This can minimize the variation of received radio wave levels 
to the utmost. In this embodiment, the first internal antenna 

20 ANT1 and external antenna ANT 3 are used as main antennas and 
the second internal antenna ANT 2 is used as a sub-antenna. 
However, the present invention is not so limited, the antennas 
may be reversed. 

Fig. 2 is a diagrammatic view showing a schematic 

25 configuration of the radio unit 40. 

The radio unit 40 sends or receives and processes radio 
signal , and it has a third port P 3 and fourth port P4 as connection 

14 k , 
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terminals. The third port P3 is connected through the coaxial 
cable CB2 to the first port PI of the connector 1, which is 
to be described later , and the fourth port P4 is connected through 
the coaxial cable CB3 to the second internal antenna ANT 2 . 
5 The radio unit 40 includes a circulator 41, a receiving 

unit 42, a modem unit 43, a sending unit 44, and antenna switch 
45. 

The sending unit 44 outputs a radio signal for sending. 

The receiving unit 42 converts a received radio signal 
10 into a signal with predetermined frequency and level, and then 
amplifies the resultant signal into a received signal. 

The third port P3 or fourth port P4 is selected with the 
antenna switch 45. More specifically, when the third port P3 
is selected, radio signals from the first internal antenna ANT1 
15 and external antenna ANT 3 are output to the receiving unit 42. 
When the fourth port P4 is selected, radio signals from the 
second internal antenna ANT 2 are output to the receiving unit 
42 . 

The circulator 41 outputs sending radio signals from the 
20 sending unit 44 to the antenna switch 45, and outputs receiving 
radio signals from the antenna switch 45 to the receiving unit 
42. Also, the circulator 41 has the function of an isolator 
to prevent radio signals received at the antennas ANT1-3 or 
radio signals to be sent from the antennas ANT1, 3 from being 
25 affected from the receiving unit 42 or sending unit 44. 

The modem unit 43 modulates digital signals from the 
control unit 50 to output them to the sending unit 44, and 
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demodulates received signals from the receivingunit 42 to output 
digital signals, i.e., demodulated data, to the control unit 
50 . 

Also , the modem unit 43 controls the radio unit 40 . More 
5 specifically, it selects the frequency of transmitted signals 
and received signals , controls the level of a radio signal which 
the sending unit 44 outputs, and switches the antenna switch 
45, etc. 

The operation of the radio unit 40 in receiving radio 

10 signals is as follows. First, radio signals received with the 
antennas ANT1-3 are passed through the circulator 41 and 
amplified in the receiving unit 42 . The amplified radio signals 
are demodulated into digital signals by the modem unit 43 to 
be output to the control unit 50. 

15 A notebook-sized PC adopts the diversity system as 

described above and as such, at the time of starting to receive 
radio signals , it compares radio signals from the second internal 
antenna ANT 2 in level with those of the first internal antenna 
ANT1 (or external antenna ANT3) , and switches the antenna switch 

20 45 thereby to connect the antenna having a higher radio signal 
level to the receiving unit 42 . 

In contrast, the operation of the radio unit 40 in sending 
radio signals is as follows. First, when digital signals are 
output from the control unit 50, the digital signals are 

25 modulated into radio signals in the modem unit 43 and then 
amplified in the sending unit 44 . The radio signals are passed 
through the circulator 41 and radiated from the antennas ANT1 , 

16 . 
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3. 

Now, the structure of the connector 1 will be described 
in reference to Figs. 3A-3B, and 4A-4D. 

Fig. 3A is a perspective view of the connector 1, and 
5 Fig. 3B is a perspective view of the connector 1 viewed from 
the rear face . 

Fig. 4A is a plan view of the connector 1, Fig. 4B is 
a front view of the connector 1, Fig. 4C is a rear view of the 
connector 1, and Fig. *4D is a cross-sectional view along the 
10 line X-X in Fig. 4C. Moreover, in Fig. 4A the first port PI 
and second port P2 are omitted for the purpose of making clear 
the pattern layout of a ground pattern 2 OA. 

Fig. 5 is an exploded perspective view of a part of the 
connector 1, and Fig. 6 is an enlarged cross-sectional view 
15 of the connector 1. 

The connector 1 is provided so that it is partially exposed 
from a side face of the housing 1A (see Fig. 1) . The connector 
1 includes a printed board 20, a fixed contact 12 and movable 
contact 11 , both provided on the printed board 20 , and a socket 
20 10 for covering the contacts 11, 12. 

The external antenna ANT 3 can be inserted into and drawn 
from the connector 1 exposed from the side face of the housing 
1A. On the distal end of the external antenna ANT 3 , a plug 
30 is attached as shown in Fig. 1. The plug 30 includes a 
2 5 pin-shaped signal contact 31 connected to the external antenna 
ANT3 and a cylindrical ground contact 32 surrounding the signal 
contact 31. 
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The fixed contact 12 is provided on the printed board 
20 and connected to the other end of a second microstrip line. 

The fixed contact 12 is tabular and has a proximal end 
portion 12B fixed on the other end of "the second microstrip 
5 line MSL2 by solder , etc . , and a distal end portion 12A on which 
a bending piece 11C of the movable contact to be described later 
abuts . 

The movable contact 11 is provided on the printed board 
20 and connected to the other end of a first microstrip line. 
10 The movable contact 11 is urged toward the fixed contact 12. 

The movable contact 11 is formed from a leaf spring and 
includes a proximal end portion 11B fixed on the other end of 
the first microstrip line MSL1 by solder, etc. , and a distal 
end portion 11A which becomes closer to the fixed contact 12 
15 as it extends forward. 

The distal end portion 11A is placed in a pathway through 
which the signal contact 31 runs. The curvature of the distal 
end portion 11A may be set appropriately. 

The tip of the distal end portion 11A is bent toward the 
20 fixed contact 12 thereby to form the bending piece 11C abutting 
on the fixed contact 12. 

Thus, the fixed contact 12 is connected to the first 
internal antenna ANT1 through the second microstrip line MSL2 , 
second port P2 , and coaxial cable CB2 . 
25 In contrast, the movable contact 11 is connected to the 

radio unit 40 through the first microstrip line MSL1 , first 
port PI, and coaxial cable CB1 . 
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The printed board 20 is disposed on the bottom face of 
the socket 10. As shown in Fig. 3A, the first microstrip line 
MSL1, second microstrip line MSL2 , and ground pattern 20A are 
formed on the top face of the printed board 20. 
5 The ground pattern 20A is formed some distance away from 

the microstrip lines MSL1 , MSL2 to avoid the influence on the 
characteristic impedance. 

Between the secondmicrostr ip line MSL2 and ground pattern 
20A, there is provided a circuit element mounting area 20C, 
10 in which circuit elements including a chip capacitor and a chip 
inductor are mounted. 

More specifically, two lands on which two circuit elements 
are mounted are provided in the circuit element mounting area 
20C. 

15 In addition, a ground pattern 20B is formed on the bottom 

face of the printed board 20, as shown in Fig. 3B. 

The first port PI is a coaxial connector (coaxial socket) 
provided on one end side of the first microstrip line MSL1 , 
and the second port P2 is a coaxial connector (coaxial socket) 
20 provided on one end side of the second microstrip line MSL2 . 

The conductors of the first port PI and second port P2 
are connected to the one ends of the first microstrip line MSL1 
and second microstrip line MSL2 . Further , the ground contacts 
of the first port PI and second port P2 are connected to the 
25 ground pattern 20A to be grounded. 

The socket 10 is generally of a box shape, and fixed on 
the inside wall surf ace of the housing 1A. The socket 10 includes 
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a first shell 13 for covering the movable contact 11 and fixed 
contact 12, a second shell 14 for covering the first shell 13, 
and an insulative socket housing 10A for covering the shells 
13, 14. 

5 In the socket housing 10A, there is formed a through-hole 

10G extending from the side face thereof adj acent to the housing 
1A in an axial direction. The above-described movable contact 
11, fixed contact 12, first shell 13, and second shell 14 are 
housed in the through-hole 10G and partially exposed from the 

10 rear end side of the through-hole 10G. 

Also, the socket housing 10A has two through-holes 10D 
formed on the both sides of the through-hole 10G. In each 
through-hole 10D, a nut 10E is press-fit, as shown in Fig. 4D. 
By putting an external screw into the nut 10E from outside the 

15 housing 1A to screw through the nut 10E of the connector 1, 
the connector 1 can be attached on a side wall of the housing 
1A, as shown in Fig. 1. 

The socket housing 10A has two raised portions 10F formed 
on the bottom face thereof . The printed board 20 has positioning 

20 holes (not shown) formed therein, and therefore putting the 
raised portions 10F of the socket housing 10A into the 
positioning holes allows the positioning of the socket 10 with 
respect to the printed board 20. 

The first shell 13 is conductive and has a cylindrical 

25 distal end and a proximal end which is U-shaped in cross section . 
On the side of the distal end of the first shell 13, there is 
a pair of first contact pieces 13C, 13D, which are disposed 

20 
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opposite each other. The first contact pieces 13C, 13D are 
elasticaily deformable and extend outwardly of the first shell 

13 . The side of the proximal end of the first shell 13 is fixed 
on the ground pattern 20A (shown in Fig. 3) by solder, etc. 

5 and grounded. 

The second shell 14 is conductive and has a cylindrical 
distal end and a proximal end which is U-shaped in cross section . 
On the side of the distal end of the second shell 14, there 
is a pair of second contact pieces 14C, 14D, which are disposed 

10 opposite each other. The second contact pieces 14C, 14D are 
elasticaily deformable and extend inwardly of the second shell 
14. On the side of the proximal end of the second shell 14, 
a flange (brim) is formed. The flange is fixed on the ground 
pattern 2 OA (shown in Fig. 3) by solder, etc. and grounded. 

15 The movable contact 11, fixed contact 12, first shell 

13, and second shell 14 are press-fit in the socket housing 
10A and integrated, as shown in Fig. 6. The movable contact 
11 and fixed contact 12 are press-fit into the first shell 13 
from the proximal end side; the first shell 13 is press-fit 

20 into the second shell 14 from the distal end side. 

Inside the first shell 13, there is formed a first 
through-hole 10B in which the signal contact 31 of the plug 
30 is inserted. Between the first shell 13 and second shell 

14 , there is formed a second through-hole 10C in which the ground 
25 contact 32 of the plug 30 is inserted. The first through-hole 

10B and second through-hole 10C make concentric circles. 

When the plug 30 is inserted in the connector 1 , the ground 
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contact 32 of the plug 30 is inserted in the second through-hole 
10C of the connector 1. Then, the inner surface of the ground 
contact 32 contacts the first contact pieces 13C, 13D of the 
first shell 13, and the outer surface of the ground contact 
5 32 contacts the second contact pieces 14C, 14D of the second 
shell 14. The ground contact 32 is thus connected to the 
connector 1 reliably. 

Further, when the plug 30 is inserted in the connector 
1, the signal contact 31 of the plug 30 is inserted in the first 

10 through-hole 10B. Then, the signal contact 31 presses the 
distal end portion 11A of the movable contact 11 lying on its 
pathway outwardly. Thus, the distal end portion 11A of the 
movable contact 11 is elastically deformed, and the bending 
piece 11C is separated from the distal end portion 12A of the 

15 fixed contact 12. As a result, the movable contact 11 is 
electrically -insulated from the fixed contact 12. 

When the plug 30 is removed from the connector 1, the 
distal end portion 11A of the movable contact 11 is returned 
to its original position and then the bending piece 11C 

20 electrically contacts the distal end portion 12A of the fixed 
contact 12 again . 

With the connector 1 as described above, in the condition 
where the external antenna ANT 3 is inserted in the socket 10, 
the signal contact 31 of the plug 30 is entered between the 

25 movable contact 11 and fixed contact 12. Accordingly, the 
signal contact 31 abuts on the movable contact 11 and presses 
the movable contact 11 to separate it from the fixed contact 

22 

JSTF-021 



12. In other words, the movable contact 11 is elastically 
deformed and disconnected from the fixed contact 12 . As a result , 
the external antenna ANT 3 is connected to the radio unit 40. 

At this time, the external antenna ANT3 . is matched in 
5 impedance with the first microstrip line MSL1 and first port 
PI • 

In contrast, in the condition where the external antenna 
ANT 3 is not inserted in the .socket 10, the external antenna 
ANT 3 is drawn from the socket 10, the movable contact 11 abuts 
10 on the fixed contact 12 . As a result, the first internal antenna 
ANT1 is connected to the radio unit 40. 

At this time, the first internal antenna ANT1 is matched 
in impedance with the second port P2 , second microstrip line 
MSL2 , fixed contact 12, movable contact 11, first microstrip 
15 line MSL1 , and first port PI. 

Next, an example of the impedance matching circuit 
according to the connector 1 of the present invention will be 
described in reference to Figs. 7A-E . 

In Figs. 7A-E, two connection terminals of the second 
20 microstrip line MSL2 are connected to the fixed contact 12 and 
the second port P2 . 

For example, as shown in Fig. 7A, a chip capacitor CI 
may be connected between the second microstrip line MSL2 and 
ground pattern 20B. 
25 More specifically, the chip capacitor allows a signal 

(radio wave) havinga frequency under a cutoff frequency required 
for the first internal antenna ANT1 to pass therethrough directly 
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and attenuates an unwanted signal (radio wave) at or over the 
cutoff frequency . 

The chip capacitor CI is provided in the circuit element 
mounting area 20C. One of the connection terminals of the chip 
5 capacitor CI is connected to the second microstrip line MSL2 , 
and the other connection terminal is connected to the ground 
pattern 20A. 

In addition, as shown in Fig. 7B, chip capacitors C2 , 
C3 may be connected in parallel between the second microstrip 
10 line MSL2 and ground pattern 20A. 

More specifically, as shown in Fig. 8, the two chip 
capacitors C2 , C3 are provided in the circuit element mounting 
area 20C. The one connection terminals of the two chip 
capacitors C2 , C3 are connected to the second microstrip line 
15 MSL2 , and the other connection terminals are connected to the 
ground pattern 2 OA. 

Further, as shown in Fig. 7C, a chip capacitor C4 may 
be connected in series in the second microstrip line MSL2 . 

A lowpass filter is thus provided in the impedance matching 
20 circuit and as such, the gain of a signal (radio wave) at or 
over the cutoff frequency is decreased into no response. 
Therefore , a definite multiple frequency wave having an unwanted 
high frequency component can be easily removed. 

Further, as shown in Fig. 7D, a chip inductor LI may be 
25 connected between the second microstrip line MSL2 and ground 
pattern 2 OA. 

More specifically, the chip inductor allows a signal 
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(radio wave) having a frequency over a cutoff frequency required 
for the first internal antenna ANT 1 to pass therethrough directly 
and attenuates an unwanted signal (radio wave) at or under the 
cutoff frequency. 
5 The chip inductor LI is provided in the circuit element 

mounting area 20C, as shown in Fig. 9. One of the connection 
terminals of the chip inductor LI is connected to the second 
microstrip line MSL2 , and the other connection terminal is 
connected to the ground pattern 2 OA. 
10 In addition, as shown in Fig. 7E, a chip inductor L2 may 

be connected in series in the second microstrip line MSL2 . 

A highpass filter is thus provided in the impedance 
matching circuit and as such, the gain of a signal (radio wave) 
at or under the cutoff frequency is decreased into no response. 
15 Therefore , a def initemultiple frequency wave having an unwanted 
low frequency component can be easily removed. 

The invention is not limited to the above embodiment, 
and any modifications and improvements may be included in the 
present invention within a scope such that the object of the 
20 present invention can be achieved. 

While the connector unit is applied to a notebook-sized 
PC in the embodiment, it is not so limited and applicable to 
PDAs or other electronic devices. 

In the above connector , by designing the strip line circuit 
25 appropriately, it is possible to send and receive any one of 
a radio wave of 2 . 4GHz frequency band standardized under IEEE 
802.11, a radio wave of the 5.2GHz peripheral frequency band 
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standardized under IEEE 802 . 11a , a radio wave of 2 . 4GHz frequency 
band standardized under IEEE 802 . lib, and a radio wave of 2 . 4GHz 
frequency band standardized under IEEE 802 llg , using the first 
internal antenna and external antenna. 

According to the connector unit of the present invention, 
the following advantages can be obtained. 

An antenna switching mechanism can be realized with a 
simple configuration, because the external antenna and first 
internal antenna can be switched only by inserting and drawing 
the plug with respect to the connector unit. 

Since an impedance matching circuit based on microstrip 
lines are interposed between the first internal antenna and 
external antenna, the first internal antenna and external 
antenna can be matched in impedance even when they are not 
necessarily of 50ohms, and the first internal antenna and 
external antenna can be used in an optimum condition . Therefore , 
the structural designing flexibility of the connector unit can 
be expanded, and thus it becomes possible to handle , for example, 
a 5GHz frequency band. 
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